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WOl type confpact tension specimens· of 9310 steel, 4340 
-- .,: ... ~ '" r. 
Steel, and Ti-6AJl.=4\/ were cyclically loaded at frequerncie,s up 
to 200 cps for 10ng per.iods of time .to ·obtain extremely slow 
crack propagation data down to 5 x 10=9 jnches per cycle~ -' ·· --
- -~ . 
. '. ··-- -- --,- .... ... ·····- ·- -. "·-·~. ~ , . -- - .. 
. . . 
al<, the alternating stress intensity parameter, and da/dn, ) ' 
. the f~atigue c·rack ·growth ·r.ate .. 
'" 
Deviation from the simple eXponentia1 law whiCh appears-as 
a strafght line for log-log plots of &K versus da/dn was foun~ 
- - . . - . 
for crack growth rates of 5 x 10-8 inches percycle 'and.below ..... . 
·.·· .. Below. a rate of5x 10=8 fnches:-per c.Ycle --· 
th e curve s · 1 eve l off-
. "--,-, .. -._,'ffi. . - ... -... - : .. - . 
•,0c··'·'· , .. ~ . .-.-
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·. This level of &K ts known-as a threshold, or in Particular 
· • •· ... ·.· ·• aKTH, and was found to differ for the three rnatE!ri a ls. The 
'' 
--9310 steel had a threshold of' 5 ksilfiL, 4340 steel was 
3.2 ksilfn., and Ti-6AR."-4V was 4 ksflin. 
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· A condition of a high_ mean loaa'lowered the threshold for· 
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6 ksiv'in. compared,to the 11 standard1DSO 1bo minimum value of 
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1-zo- -4 ksiv'in. when the maximum loa~ was held at 150 lb. 
.. - ... ., -.-~----• . \~ . . 
' .. \ 
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·· ... Comparisons were made between thls threshold level of .&K 
. ' . . . -· 
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INTRODUCTION AND BACKGRO_UND ,, 
-~----· 
. • Cl 
Th·e application _of t·racture mechanics to metal fatigue 
-· has proven quite succes ..sfu.1 and is weJJ documented [1 ,2] 0 ln 
. '·-·· .,. -- -;-~.. . 
... 
·· t:h.e_ past .the results ·of ffl_aJoy fatigue- investigations wer'e re~ 
----~ 
·:~1,}· . ported _JQ_y _ __pl9 __ t_t_iJ1g ____ S~cJ1.r_v es·-~- ma..x-1-:m-Um-· a~1-t--e-rrna ting . stress . •--· - ... · . .,, .. . - . .. ·- .. . - .--- .. . , 
-· 
versus number of 01cl.es to--1fat.Juree - From this. plot. an end-u-r-~· --·· .. 
• • 
-0 
·· a·nce ·.lfmit was obtaine·d whtch· was· th-en us-ed as,. a. designer ) .. 
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__ yarious speci_mens -contained different flaw si·zes or if differ-
- ----------········ . 
....... 
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• Mo;st fatiglAe data to date has· oeen obtained with crack 
~.. -
growth rates ran9ing ·from ·10-7 to 10-2 l-ne-hes per Cycle .. The i= .. 
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_intenti;crn of this discuss-ion is to investigate the fatigue 
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characteristics of severa 1 materi a 1 s with crack growth rates . 
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· ..•. Since testing time_is an im~orJ~nt cohsJderat..ion in ~low.! · 
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2) . . . . 
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. ··. growth studie$.9, the specimen and testing eqUipmeVlt were chosen 
· to optimize the 1 oad eye 1 i ng frequency wi tho~~-~s_a_cr_i f i ~j:_n_g _____ ~c~ -----'. ·------,---,---~ 
---- ---- --- - - ~~- ------ ~-
-·· r, 
.• curacy and wave form. · loads wer~ measure_d_wft.h an accuracy 
of !_2% of the load range or better. 
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· For maxlmum. test frequency the· specimen to be tested need-
. .. 
· edt_o be of a rather stiff type produc,ng small di.splacements 
. . I t 
. ·; 
minimizing inertia effects but at the same time requiring low 
testing loads. · Thus a V'easonable choice~ was 'the WOL {wedge 
opening load) type compact tension specimen {see Figures; 1, 
2, and.3). --
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PROCEDURE AND TECHNIQUES .-· - - C,_ . t ,. ·: ' . l . '. \.--.. 
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- -_ -the spa Ci ng bet~ee11 Ii n.e~-.acC-,c1u·-'at-e-ly me-aS-UTrew (uSua1Ty-:-o. 02l8 
--'~~,=,-- -. -- . -·- --, - - - - - . - - - - - - -
-- ---- -
' . inches) (see figure 3). With the use of a 15X maghifier_ and -
a source of 1i ght th.e crack tip was clearly Visible and read-
. -- . - ' . Crack 1 engtbs were measured optically. A series -of ver- -
tical lines-were placed on the specimen photographically with 
' ' ' . . ' ' 
.. ' 
" 
\, 
' ~ . -
- ings were taken-every half spacing with excellent accuracy • 
. This provided -for m.o:re than 0.0] inches of growth for e_ach 
data point. At_a_groWth rate of l_.o- 8 _1nch-es-p-e-r-e-y-c-1-e~~-m·or·e··· ... ·~----.- .... 
,; 
' ' . 
- than 10
6 
\:ycles were needed between readings and thus any i r- _-_.--.-.-.• --- -
.. I regu lad ti es i r1 the growtlt were averaged OU t. -Tb~ 0. 01 i nche$ ___ ~-,-'----:-· 
- of growth was aJ so sma 11 ·enough so that the va 1 ue of· td< did -
·.' ·.~ 
diV.J,sion _ and'ro4ld be considered c_on:.. _-.------
J ' . . . . . 
d a t a··.. _____ . · _. -- - --~=-___ :__ -
- ·-:-.. ----
'·:":.·.;;-. 
. ----· ··· not- ch an g e · ··Cm u ch. for · the 
' stafrt Wher.i reducing the 
_____ : ......... ... ·c._ ... '... -c-:c:.·· ... .. 
Raw data consisted Of readings for maximum ilnd minimum -
1oa_~ anc:Lcycle nulD-ber-at each half spacing. ·A quick check 
--- -- .... -:i~' 
·1--. -~------·.:._-
curve drawn through the5-,e -data p_QJtrts __ s-1nce ,th-at technique - - -,_ -- I 
.• • . ··-.. ,· C •. -~ -----·--- {; 
._-... - fflafnpu1ateS-=t-he -actila1 dat~ r:,dycing the actual sccitt~~· -In~ --_ -_-__ --• ,-1 
.. ' 
grOwth rate should not be taken from the sJope Of i!smo·oth 
,.- - ~- .. · .. -~ •, ·.· '"-~·. 
·- 'l. • • 
on. the quality of the data can· be seen on a plot of crack ---· 
-· .. 
length-Versus cycle number (see Figure 4) but valu_es of· the.-- ,. · __ 
. _ -- . ._ -_-_ S--te ad 9 gro_wth rilt es -wet"e ·f'ou nd, s illlP 1 y b;Y--.<f-i V:fdJng the -c bang e · ---1 
- ~ - ._ - . - - -- -- - ·- - - -. - . '1 - - . 1 . . ..... .. ··-· .. --····-·-··-- ' ' ' ' 
_:_  _:,_ ___ ........ -----.-- .. ~--------iri crack JE?ngth -between readings ·by the change in cycle num- --
- •• ~. --·- •. ~.,,._ < - - ' • 
ber. Values for 6k were obtafned from the usual ASTM fourth --; ... 
' ' 
order polynomial (7]. All data was reduced by means of a com;.. 
. "" .... ' 
. puter program. 
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_ Tests were run iO environments of air, oil, distilled -
-
. watev-,~and argon. - The oil and distille'd wat_er tests requir~d: __ .: 
. ih~use of chambers ra~te-~·;d---t~ the ;·~;~·;;;;;~-~--~-~;--~-~-~~;~r . -·-· ,,;::.. .. 
\ .' . . --· --- . . . . ' 
was m~re]y a U~shaped reservoir With a glass frorit enabHng _ _ 
- ·- _------ •_ ;h~ OJt~;)_t9~r to:_see tJirough _tj;Je e.nvironment to 1 ocate the- cra~k · · --~- ~ --- :-,, _______ ,,,_---··---------,_,_=-~----------- ---- - \ . 
---- -_- _ iip ands~ the photographic grid lines {see Figure 2). For 
·. ' ' . . ---- '. .. 
. . 
- --- -
------,---_-.-the one specimen run i.n an argon Einv1ronment a special metal .. 
chamber wi'th a Qfass window was devf sed and sealed wifh 11 0 11 
-rfllgs. --For tests run at elevated temperatures heating tapes 
\ 
'' . . 
-. were wrapped around the -~pe~_j __ m_grt. a.rtd _ _t_b_eJr.m_ctco .. u P-1-es w.e re used · . 
------,----- -~~· ' ___ .___ _________ . -------·------·'--·-·-··-------·. --·-·-,-,......... . . . . 
---
---- - . - -
. • \~lf· I 
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.-----·------- to record the temperature near,,the crack tip. 
-
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In all crack propagation studies one must be very-careful_ 
to avoid over1oclds since large, plastic iones reSU1t at the 
· · < crack tip_ pY'odtf ~fn9 del~ys. In hi gfi c;ycJe., slow growth ~- •-•------·-- -·--· - . ... _,- -·--- - ._,,.,_, 
< 
'-~-- -,·,. ·7; ·- • 
-~----·- will often_gtve data th-at looks exactly like a "threshold". 
• - ----- # 
.studies this phenomenon becomes very importarit since a delay , ·· ··· · 
·· ... :~::~, 
----··-
. ' -
. . . -~ .·· That is, it will appea_r that a l~vel of AK has been found, be.:. 
- 1 ow which the crack Will not propagate. 
Thuss, the test prOcetfl!re involved initiating a crilCk at 
·-- .. 
: taken GI In thi~.manner the crack would have grown through· any 
._ region previous 1 y yi el ded'a t the. h 1 gher 1 oads ~ Va 1 ues of the 
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I the loads exp_er_i ence_d throughout the test program 
00000009 to inches and .thus inches of·. growth 
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various co nd~i ti on s of 1 oad in g, en vi ro nme n t, and t~mpe·ra tJJr-e----~------- .. , 
· are found in Figures- 5 through 170. The first several speci-
.. 
------·-··- ~ .. . -- - ·--·:c . -· - - ~--·,~--· -·.-.-.-:~ :. ·•'•:'."::"'"~-::··- .•. _ •• '.._ :··::···.· :__~---:·· .. -·- ~_. ~·:;:;:.-
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-~ .. -~m-ens werre- rum wi.th relati.vely·high growth rates so .tha·t· the· 
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· then obtained for titanium varyil'lg such things as minimum ' . ' 
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· load •. The oil, distilled water, and high temperature tests 
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- To eltmtnate ~xtrah~ous variables such as maximum load~ 
s'tight changes in humidity and material prCiperties from one. 
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1 oad being shifted from so·· lb. t·o 25 ·lb. 'during the test 
holding the m·aximum load fixed (see Figures 15 and 16) ~ The 
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